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CONCLUSIONS AND RECOMMENDATIONS:

1. ~:This study is classified as core:
Supplementary. The study may be upgraded.

2. .The study submission does not satisfy the 85-1
guidelines since several major metabolites were not
characterized. However, submission of the
characterizaion of these two urinary metabolites
(# 3, 4) will allow for the upgrading of the
study.

3. The study report shows that Imazalll is rapidly
absorbed, distributed and almost completely
metabolized. /
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4, From 83 to 93 % of the administered doses to
both sexes were excreted in 24 hrs in about even

proportion in the urine and feces of the treated
animals.

5. Recovery of the test dose was almost complete
by 96 hrs. T 1/2 values were not determined.

At 96 hrs tissue residues containing 14C amounted
to about 1% of the test dose.

6. As many as 25 metabolites were formed by the
rat metabolism of Imazalil with little to nil 14cC02
excreted and no conjugated forms found in the
urine. ~

7. Residues were highest in the livers of animals
given the test material after 96 hrs (about 110 ppb
following repeated dosing at 1.25 mg/kg).

8. The.study authors proposed that Imazalil is
metabolized by epoxidation of the allyl moiety
followed by epoxide hydrolysis, imidazole
oxidation, #0-dealkylation_of the ether chaing
imidazole scission and N-dealkylation o
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CONCIUSIONS: The absorption, distribution, metabolism, and excretion of
imazalil were studied in groups of male and female Wistar rats administered a
single intravenous (i.v.) dose of 1.25 mg/kg, a single oral gavage dose of
1.25 or 20 mg/kg ['*C]-imazalil, or l4-day repeatéd oral doses of 1.25 mg/kg
unlabeled imazalil followed by a SLngle dose of 1.25 mg/kg [1“C]-labeled
imazalil on day 15.

[1%C]-Imazalil was rapidly absorbed, distributed, almost completely
metabolized, and eliminated in rats under all dosing regimens. Most of the
radioactivity was recovered within 24 hours in the urine and feces (83.9-93.9%
of the administered dose); recovery after 96 hours was essentially complete
(86.60-98.33%). Female rats eliminated more of the test compound (as its
metabolites) in the urine (55.10-59.96% of the administered dose) than in
feces; the difference was smaller with males. The reason for this difference
is unclear. The similar excretion and metabolite patterns following oral and
i.v. dosing indicate that imazalil was efficiently absorbed. Biliary
excretion is suggested by the high degree of fecal elimination in the i.v.
dosage group. The oral absorption rate (and ty) could not be determlned
because the peak blood levels were not measured.

Seven days after dosing, the tissue residues of [!“C]-imazalil and possible
metabolites totaled =»1% of the administered dose in all dosing groups. The
study authors did not determine the chemical identity of the residual label. !
The largest residues were found in the liver, with no significant sex- or
route-related differences; tissue residues were proportional to the
administered dose. These data indicate that imazalil and/or its metabolites
do not bioaccumulate to any appreciable extent.

Whole urine and fecal extracts from males and females in each dosing group
were subjected to reverse-phase high performance liquid chromatography (HPLC).
The parent compound was not detectable in the urine and <1% was excreted in
the feces, indicating that imazalil was almost completely transformed.
Although the elimination half life is clearly <24 hours, it could not be
calculated more accurately, because although 30-45% of the dose was ‘eliminated
in the feces within 24 hours, fecal elimination data were available only for
the 0-24 hour pool. The most prevalent metabolites accounted for ~5%-13% of
the administered dose in all groups; these compounds were not identified. Two
metabolites present in both urine and feces at ~0.5% to ~5% in all groups were
tentatively identified based on comparison with known standards. An
additional fecal metabolite (0.4%-1.2% in all groups) and a minor metabolite
(<1%) in urine were also tkntatively identified. (These compounds are
identified in Tables 3 and 4). No significant dose-, route-, or sex-related
differences in metabolite patterns were observed. The patterns of metabolites
in urine dnd feces were quite similar, but the less polar metabolites were
more abundant 1n feces. Neither glucuronic acid nor sulphate conjugates were
found, but they could not be completely ruled out due to apparent metabolite
instability under the hydrolysis conditions. Based on the identified
metabolites, two pathways of imazalil metabolism were proposed. In one
pathway, imazalil was biotransformed by epoxidation and epoxide hydrolysis,
imidazole oxidation, imidazole ring scission, N-dealkylation, and oxidative O-
dealkylation. Oxidative O-dealkylation was the first step in the second
metabolic pathway, followed by imidazole oxidation, imidazole ring scissionm,
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‘and N-dealkylation. Since most of the metabolites were not identified,
additional important metabolic steps may not have been identified.

H/14fas therts
STUDY CIASSIFICATION: The study is classified asfzktﬁéézzi:fa*;te study deea net
satisfipe the registration requirements under idelipe Series 85-1 (and
Addendum 7) for a metabolism study in rats. here were minor

deficiencies in the study, thaff.did not affect the overall study results and
conclusions (see Reviewers’ Discussion, Section E). Hywewsr,

o"“"&"‘,\ Wk’\- ‘ “a% _ o Y413

A. MATERIALS - W ,Mm £3 bl Wq/c,/%

1. Test Substance

The unlabeled test material (lot number V890- 275) was described as a
slightly yellow powder, with a purity of 98.7%. The structure of
the test material waS'éonfirmed using mass spectroscopy (MS) and
ultraviolet (UV), infrared (IR), and nuclear magnetic resonance
(NMR) spectroscopy. Solutions of the urilabeled material were stored
in the dark at room temperature and used within 1 week of prepara-
tion. The concentration was checked at the beginning and end of
each week, and the test material formulation was found to be stablel
under the conditions of storage for at least 10 days (concentration
range, 100-102.4% of the nominal value)

Previous studies by the testing laboratory had shown that imazalil
labeled with [!*C] at the 2-ethyl position was appropriate for
metabolism studies. Batch number 761 of ['*C]imazalil, with a
specific activity of 91.2 uCi/mg-and a radiochemical purity of
99.9%, was mixed with unlabeled imazalil to obtain the desired final
specific activity and used for all radiolabeled dosing. The
frequency of radiolabeled dosing solution preparation was not
reported. )

2. Test Animals

Wistar rats of unspecified age were obtained from the Janssen Animal
Breeding Centre, Beerse, Belgium. Single or repeated oral gavage
~ doses of imazalil were administered to groups of 5 males and 5
females. To determlne the bioavailability of the test material, an
additional group of 10 animals received an i.v. injection of
1.25 mg/kg body weight (Bwt.) imazalil. One reserve rat of each
jgender was added to the i.v.-, low-, and high-dose groups, and three
of each gender were added to the repeated low-dose group. The male °
rats weighed 233-312 g and the female rats weighed 221-283 g at the
time of radiolabeled dosing with imazalil.

B. METHODS | 6

1. Rats were acclimated individually in stainless steel metabolism
cages for at least 3-5 days prior to dosing and maintained in the

3
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cages for the duration of the study. The physical condition and
general behavior of the animals were observed immediately before
dosing and at the end of each feces collection period. Sirnce .
previous experiments had shown that the test material was completely
absorbed even when administered with food, tap water and food were
available ad libjtum at all times. The diet was not identified, and
no analysis was conducted of the feed or water.

Oral dosing solutions were prepared in 0.42 mM sulfuric acid, and
the i.v. dosing solution was prepared in 1.05 mM sulfuric acid,

55 mg/mL glucose hydrate. Groups of 10 rats (5/sex) were given a
single dose by oral gavage of 1.25 mg/kg Bwt. (low-dose group) or
20 mg/kg Bwt. (high-dose group) [!*C]-imazalil, or an oral gavage
.dose of 1.25 mg/kg/day of unlabeled imazalil for 14 days followed by
a single gavage administration of 1.25 mg/kg [!*C]-imazalil on day.
15. Another group of 10 rats received a single i.v. injection of
1.25 mg/kg [1“Cl-imazalil via the tail vein. Each animal was
weighed before dosing, and received 0.2 mL/100 g Bwt. i.v. or

1 mL/100 g Bwt. by gastric intubation of the appropriate dosing
solution. Two rats (1l male, 1 female) were added to the i.v. and
single oral dose groups, and 6 rats (3 males, 3 females) were added
to the repeated dose group in case of animal mortality. The doses .
were chosen so that the low dose produced no effect and the high !
dose produced "some" toxic signs on chronic dosing. The physical
condition of the animals was assessed immediately prior to dosing
and at the end of each feces collection period.

Urine was collected at 4, 8, 24, 48, 72, and 96 hours after exposure
to the labeled dose of imazalil. Feces were collected at 24, 48,
72, and 96 hours after exposure to the labeled dose. Samples of
urine, cage washings, and methanol extracts of the feces were
counted in a liquid scintillation counter, and the fecal residue was
combusted and counted. In order to detect artifacts, blank urine
and feces were also collected from untreated rats, fortified with
known quantities of labeled imazalil, and analyzed as the other
samples. Rats were decapitated 96 hours after receiving the
radiolabeled imazalil. Whole blood was collected on heparin.
Necropsies were conducted and major tissues were removed. The

~ tissues removed included brain, heart, lung, liver, kidney, adrenal
gland, spleen, .gtomach, large and small intestine, testes and
uterus, and subsamples of muscle, peri-renal fat and bone. The
contents of the stomach and intestines were obtained by rinsing the
organs with 0.9% NaCl solution. Five samples of blood, and the

~adrenal gland, uterus and bone were dried by storage at 4°C and
combusted. Fat was homogenized in solid carbon dioxide, mixed with
cellulose powder, and combusted. Other tissues were homogenized in
distilled water, and duplicate samples were dried and combusted.
The carcass was lyophilized, homogenized, and combusted in
quadruplicate. Expired air was not collected because a preliminary
experiment found that <0.02% of the administered dose was exhaled in
24 hours. Statistical analyses were limited to simple expressions
of variation (i.e., mean, median, or standard deviation). “g?
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C. REPORTED RESULTS
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For the characterization and identification of imazalil metabo-
lites, the 0-24-, 24-48-, 48-72-, and 72-96-hour urines were pooled
by dosing and sex groups. Pools of methanolic extracts of the 0-24-
and 24-48-hour feces were similarly prepared. Where the amount of
radioactivity in the urine or feces deviated from the mean by 230%,
the excreta from that animal were excluded from the respective
pools. One female each from the i.v.-, repeated oral-, and high-
dose groups were excluded from the pools for this reason. Metabo-
lites were tentatively identified by co-chromatography with known

- compounds on a C-18 reverse-phase HPLC column. To analyze conju-

gated metabolites, urine pools were treated with p-glucuronidase
and/or aryl sulfatase at 37°C for 24 hours, and analyzed by reverse-
phase HPLC.

In order to measure absorption, the amount of unchanged imazalil in
the urine was measured by a sensitive gas chromatography (GC)
method, and compared between the oral and i.v. dosing groups.

. Protocol: The protocol for the metabolism study is presented in

Appendix A (CBI "General Metabolism of Imazalil in the Rat,"
Materials and Methods pp. 9-17).

Elimination and Recovery: Male rats in all dosage grouﬁs eliminated
slightly more of the radioactive label in the urine (46.31-53.14%)

than in the feces (41.74-47.55%). This difference was stronger in
female rats of all groups, with urinary excretion accounting for
55.10~- 59.96% of the label in the administered dose (Table 1).
Similar elimination patterns were observed in animals of the same
sex in different dosage groups. The test material was rapidly
eliminated; 83.9-93.9% of the administered label was recovered in
the urine and feces within 24 hours. Elimination was nearly
complete 96 hours after dosing, with 0.85-1.2% of the administered
label remaining in the tissues or blood. Almost all of the
radioactivity in the orally administered doses was accounted for,
with total recovery ranging from 96.63 to 99.84%. Total recovery in
the intravenously-administered groups was lower (88.6% and 88.1% for
males and females, respectively), but because the tissues were not
analyzed it is not clear if this was due to lower overall recovery
or higher accumulations in the tissues.

—Distribu;ion A total of =1% of the administered dose was recovered
in the tissues and carcass of all oral dosing groups (see Table 2
for the distribution). About half of the total body radioactivity
was found in the liver (120 ppb maximum). Radioactivity levels in
the.lung, kidney, and adrenal gland were also higher than in the
blood. No major sex-related differences were seen in residue
levels. The increased administered dose in the high-dose group
resulted in a proportionate increase in tissue levels (2320 ppb
maximum in the liver), indicating dose-dependent tissue distribu-

LY
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tion. Results from the repeated-dose group did not indicate that
the test material accumulated in any tissue.

37 Metabolisg

Characterization and quantitation of urinary metabolites: Unchanged
imazalil could not be detected in the urine of any test group (Table

3). The test compound was stable in urine, as shown by radio- HPLC
analysis of urine fortified with [!*C]-imazalil. Over 25
metabolites were detected by radio-HPLC of the 0-24-hour urine
pools; metabolite patterns were quantitatively and qualitatively
similar for both sexes and all dosage groups. Ten metabolites or
metabolite fractions were chosen for mass balance determination on
the basis of their abundance or their co-elution with reference
compounds. The study authors considered fractions 3, 5, 6, and 7 to
be mixtures, based on the shape of the corresponding chromatogram
peaks.

About 60% of the radioactivity in the 0-24-hour urine, or about 30%

" of the administered dose, could be accounted for by the ten frac-
tions. In most of the dosing groups, less than 0.1% of the dose was
found in any metabolite fraction of the 24-~48-hour urine. 1In both _
sexes of all dosing groups, metabolites 3 and 4 were the most !

. abundant; female rats in the single low oral and i.v. groups had
higher levels of both metabolites than the corresponding males.
Based on their co-chromatographing with reference compounds, metabo-
lite 8 was tentatively identified as R 61000 and metabolite 10 was
tentatively identified as R 42243. A minor metabolite co-eluted

- with R 44085, but was not included in the mass balance calculations
because it accounted for <0.9% of the dose in the 0-24-hour urine of
male rats and was almost absent in the urine of female rats.

In order to detect glucuronic acid and sulfate conjugates, HPLC
chromatograms of the 0-24-hour urine pools were compared before and
after hydrolysis with p-glucuronidase and/or arylsulphatase. The
study authors reported that no glucuronic acid or sulphate conju-
gates could be detected, but some metabolites appeared to be
unstable after incubation for 24 hours at 37°C, making quantitation
difficult, The study authors further stated that glucuronic acid
conjugates of metabolites 8 and 10 "might" be present as less
abundant metaboiltes but presented no evidence for their statement.

Characterization and gquantitation of fecal metabolites: Methanol-
“extractable material accounted for 62% of the radioactivity in the

feces from male rats and 70% for female rats. No major dose-,
route-, or sex-related differences in the metabolite patterns
determined by HPLC were observed (Table 4). Over 25 metabolites
were detected; less polar metabolites were more abundant in feces

" than in urine. Unchanged imazalil was found in feces from both
sexes in all groups at concentrations ranging from 0.6-1.0% of the
administered dose. Metabolites 8, 9, and 10 were the most abundant,
-éccounting for a maximum of 3.4%, 3.0%, and 4.7% of the administered
dose, respectively. Based on their co-chromatographing with refer-
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ence compounds, metabolites 8, 10, and 11 weré tentatively identi-
fied as R 61000, R 42243, and R 14821, respectively. No attempt was
made to analyze glucuronic acid or sulphate conjugates in the feces.

Based on the results of the metabolite characterization, the study
authors proposed that imazalil is degraded by the metabolic pathway
shown in Figure 1. Major metabolic steps include epoxidation of the
allyl moiety followed by epoxide hydrolysis, imidazole oxidation, O-
dealkylation of the ether chain, imidazole scission, and N-dealkyla-
tion. Since the metabolites were only tentatively identified and
several major metabolites were not identified, the proposed pathway
is likely to be incomplete.

STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES

The study authors concluded that imazalil is rapidly and completely
eliminated in the urine and feces, with an average of 96.9:1.3% of an
oral dose of imazalil being excreted within 96 hours. At 96 hours after
i.v. dosing, 88.6% and 89.0% of the radioactivity was eliminated by male
and female rats, respectively. Both male and female rats excreted more
of the radioactivity in the urine than in the feces, but the differenca
was larger for females. Residual tissue radioactivity totaled 1% of the
dose 96 hours after dosing with [!%C]-imazalil. The highest levels of
radioactivity were found in the liver, accounting for half the residual
radioactivity in the carcass. No sex-related differences in the tissue
distribution pattern were found, but proportionately higher residues
were found in all tissues of the high-dose group. There was no indica-
tion that the test material accumulated in tissues after multiple
dosing. ’

Imazalil was extensively metabolized to at least 25 metabolites. No
major sex-, dose-, or route-related differences in metabolites were
observed. The profiles of urinary and fecal metabolites were also.
quite similar, but the less polar metabolites were more abundant in the
feces, and an additional metabolite was identified in the feces. Un-
changed imazalil was not detected in the urine, and accounted for <1% of
the radioactivity in the feces. Urinary metabolites 8 and 10, and a.
minor metabolite, were tentatively identified by their cochromatograph-
ing with known compqunds. Metaholites 8 and 10 were also found in the
feces; fecal metabokite 11 was similarly identified.

To gbtain an estimate of bioavailability, ‘the study authors compared the
amount of unchanged imazalil in the urine of orally- and i.v.-dosed
rats. While recognizing that the excretion of the parent compound in
the urine was too low for a quantitative determination, the study
authors concluded that the extensive biotransformation and the low
amount of imazalil excretion in the urine and feces suggested that
bioavailability was high after oral dosing. The similarity in urinary
and fecal metabolites, and the similarity in metabolites found after
oral and i.v. dosing, also indicated that orally-administered imazalil
was systemically available. ' /(i)
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A quality assurance statement was signed and dated June 10, 1991.

E. CONCLUSIONS BASED ON REVIEWERS' DISCUSSION AND INTERPRETATION OF DATA

The studies adequately described the absorption, distribution, metabo-
lism, and excretion of (1*C]-imazalil in rats following low- and high-
dose oral and repeated oral exposure, as well as single i.v. injection.
The data indicate that labeled imazalil is well absorbed and eliminated.
Urinary elimination is slightly predominant in males, and markedly
predominant in females. The oral absorption rate could not be deter-
mined because the peak blood levels were not measured in the study.
However, a preliminary experiment submitted with the metabolism study!
found that peak plasma levels of imazalil and its metabolites were
reached within half an hour of administration of 2.5 or 10 mg/kg
imazalil by gavage. A 40 mg/kg dose resulted in a rapid rise in plasma
levels, followed by a plateau for about 2 hours.

Biliary excretion is suggested, especially in males, since 42% of the
i.v. dose was eliminated in the feces in males and 32% in females.
Therefore, the fecal elimination of imazalil following oral exposure is
probably ‘due to the unabsorbed compound and biliary excretion. The
specific extent of these two processes was not evaluated. However, thel
similarity in the profiles of urinary and fecal metabolites indicates
that orally-administered imazalil was metabolized following absorption,
rather than by intestinal microorganisms. The low tissue levels of
radioactivity, as well as the rapid elimination, demonstrate that
bioaccumulation and retention of imazalil and/or its metabolites is low
in rats. Recovery of the radioactivity was acceptable (96.85-99.84%)
for all oral dosing groups. Total recovery could not be calculated for
the i.v. dosing group, because tissue radioactivity was not determined.
Almost all of the parent compound was metabolized following oral or i.v.
dosing, resulting in 25 metabolites. Appropriate data analysis methods
were used. : '

The parent compound was not found in the urine, and 1% of the
administered dose was found in the feces. Metabolite patterns were
similar in the urine and feces, although less polar compounds were more
abundant in the feces. There were no major sex-, dose-, or route-
related differences_in the metabolite patterns. Four metabolites were
tentatively identifLed on the basis of co-chromatographing with known
standards. Nothing was done to confirm the tentative assignments, and
other metabolites were not identified. Of the identified metabolites, 2
major metabolites and 1 minor metabolite were found in both urine and
feces, while 1 metabolite was found only in feces. The study authors
concluded that the similarity in urinary and fecal metabolite profiles
indicated that identical metabolic pathways were involved. However, the
fact that metabolite 11 constitutes a separate pathway and is present .

IMichiels, l'i., R. Hendriks, R. Geerts, L. Michiselsen, R.Hoestenbor;hs, and J. Heykants. (1985)
Comparative biocavailability of imazalil in the rat after subchronic administration of the drug admixed at
400 ppm in the food as imaz_alil technical or as an aerosil premix formulation. Janssen Research Products

Report # R 23 979/52. v g
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only in the feces suggests that the second metabolic pathway may operate
only in the liver. ’ '

No mention was made of any toxicological concerns of the metabolites.

No conjugated metabolites were found, but technical problems prevented a
definitive conclusion. No mention was made of the conditions under
which urine and fecal samples were collected, but collecting the samples
at room temperature would not have been problematic, since the
preliminary experiment showed that the metabolites are not volatile.
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TABLE 1. Mean Percent Recovery of Radioactivity 96 Hours
After Administration of Imazalil to Rats

Percent of Administered Dose®

Dose Cage Total

Group Sex® Urine Feces Washings Recovery®

1.25 mg/kg : Male 46.31 41.74 0.55 - 88.60
(1.v.) Femaled 55.17 32.41 0.52 88.10

1.25 mg/kg Male 48.66 46.07 0.85 95.58
(single oral) Female 59.96 36.11 0.61 96.68

1.25 mg/kg® Male 50.91 47.55 0.37 98.83
(repeated) - Female4 55.10 41.67 1.03 97.80

20 mg/kg Male  53.14 42.77 0.74 96.65 !
(single oral) Femalet 56.86 37.71 _ 1.25 95.82

?Expired air was not measured for radioactivity; a preliminary experiment
found that <0.02% of the administered dose was found in the expired air in
24 hours.

bFive animals/sex.

°Calculated by our reviewers; differences between the values reported here and

those in the study report are due to rounding errors and arithmetic errors by
the study authors.

iThe urine and feces from 1 animal in the‘group was excluded from the pools
because it differed from the mean of the other 4 animals by >30%.

°Animals were given 1.25 mg/kg/day unlabeled imazalil for 14 days and a single
dose of 1.25 mg/kg [!*C]-imazalil on day 15.

-
Y

Source: CBI Tables .8-15, CBI pp. 66-73
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Wwazall Tox  Review

Page is not included in this copy.

Page l Z through gli are not includedf

The material not included contains the following type of
information: -

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Descriptidn of quality control procedufés.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label. v

The product confidential stétement of formula.
Information about a pPending registration action.

k FIFRA registration data.

The document is a duplicate of page(s)

By

The document is not responsive to thé'request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.




